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Fiber Degrading Microorganisms from Bison, Cattle-Bison Hybrids and Cattle.
Vincent H. Varel and Burk A. Dehorlty'
Introduction
The limiting factor in forage plants which prevents more
complete degradation by ruminants is the fiber component.
Sometimes called lignocellulose, this fraction is primarily
composed of cellulose, hemicellulose, and lignin. Forages
are normally high in lignocellulose when compared to cereal
grains, therefore they are lower in digestibility, which in turn
results in reduced efficiency of animal production. Studies
have shown that a small increase in forage digestibility,
such as 7 to 12%, can result in increases of 30 to 40% in
animal gain. These numbers provide a substantial incentive
to further study the factors which limit the degradation of forage with the overall objective of enhancing the efficiency of
animal production.
Enzymes produced by microorganisms are solely responsible for degrading forage fiber. The digestive enzymes
produced by the animal do not break down fiber. Therefore,
it is essential to understand the microorganisms and their
interactions, primarily those which occur in the rumen, to
improve the degradation process of forage. Approximately
80% of the animal energy is obtained from volatile fatty
acids produced by microorganisms in the rumen.
Various studies suggest that the North American buffalo
(Bison bison), has a superior ability, when compared with
domestic cattle (Bas taurus), to digest low quality forages.
Digestion coefficients of all nutrients, including dry matter,
crude protein and fiber have been shown to be greater in
bison than in Hereford steers. Bison appear to show superior digestibility when poor quality, low protein diets are fed.
Explanations offered for the superior digestion coefficients
were that a greater recycling of nitrogen to the rumen and a
reduced rate of digesta passage occur. Previous studies
have not compared the cellulolytic or protozoal populations
between bison or domestic cattle. The objective of our
studies was to compare cellulose degrading microorganisms and ruminal fermentation parameters between bison,
cattle-bison hybrids, and cattle, fed three levels of low quality alfalfa.

Procedure
Five steers, 450 to 550 Ib, from each of three groups,
bison (Bison bison), cattle-bison hybrids (1/2 bison X 1/2
cattle, breed Charolais), and crossbred cattle (Bos taurus),
were fed three levels of alfalfa hay (crude protein 13%);
100% ground

alfalfa,

75% alfalfa

- 25%

corn, and 50%

alfalfa - 50% corn. Animals were penned by species and
fed individually ad libitum with electronic headgates. Each
diet was fed for 12 weeks. During this time samples of
ruminal fluid were obtained from each animal and analyzed
for cellulolytic and protozoal populations, pH, ammonia, and
volatile fatty acids.
Results
The total numbers of viable or cellulolytic bacteria were
not different among animal groups fed diets containing three
proportions of alfalfa. Total viable bacteria ranged from
2.16 X 108to 5.44 X 109/mlof ruminal fluid, and the cellu'Varel is a research microbiologist, Nutrition Research Unit, MARC;
Dehority is a professor and associate chairman of the Department of
Animal Science, Ohio Agricultural Research and Development Center,
Wooster,OH.
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lolytic population represented 1.2 to 3.6% of the total viable
bacteria.
The four major groups of cellulose degrading bacteria
were observed in all animals and diets as indicated in Table
1. When a 100% alfalfa diet was fed, a greater percentage
of Fibrobacter succinogenes isolates were obtained from
bison (58%) than from hybrids (36%) or cattle (33%).
These isolates are well known for their ability to degrade
crystalline cellulose, which is considered to be the more difficult fraction of fiber to degrade, when compared to amorphous cellulose which Ruminococcus albus degrades most
efficiently. R. flavefaeiens degrades both types of cellulose,
while Butyrivibrio does not degrade either type of cellulose
very well. Assuming that F. sueeinogenes is a more efficient degrader of crystalline cellulose as many studies have
demonstrated, the higher percentage of these organisms in
bison may mean higher fiber digestion in these animals.
When the 100% alfalfa diet was fed, Butyrivibrio represented only 7% of the cellulose degrading isolates from the
bison, which is significantly lower than the 29% for hybrids
and 13% for cattle. Besides degrading cellulose this organism also degrades starch. Therefore, the numbers of
Butyrivibrio increased as the amount of corn was increased
in the diet, Le., 7, 15, 39%; 29, 30, 50%; 13,48,57%
respectively, for the bison, hybrids, and cattle, when corn
was fed at 0, 25 or 50%. Neither group, R. albus or R.
flavefaeiens, demonstrated a distinctive trend in the animal
groups or diets which might suggest that they are responsible for greater fiber degradation.
Except in one bison, cellulose degrading clostridia were
not found as predominant organisms. Earlier studies have
shown that clostridia found in the rumen are the most active
in degrading forage plant cellulose.
Work from the
clostridial isolate in our study, Clostridium longisporum, confirmed this. The bison isolate degraded 5% more of the
total forage fiber (cell walls) and 15% more of the hemicellulose component of the fiber when it was compared to other
pure culture isolates from the rumen which degrade cellulose (Fig. 1). It is possible that our techniques were not
adequate to isolate more clostridia which degrade cellulose
or these strains are present in the rumen only sporadically.
Indian water buffalo have populations of cellulose degrading
clostridia as high as 4% of the total microbial population.
Water buffalo (Bos bubalis) would normally be expected to
receive a poor quality diet compared to our Bos taurus cattle; thus, the cellulolytic clostridia may have been ecologically selected by the buffalo to digest these poor quality low
protein diets. Simple studies such as cross inoculation of
Bos taurus cattle with rumen contents of water buffalo
should be conducted to determine if forage fiber digestion
can be increased in Bas taurus cattle.
Less is known about the fiber degrading ability of protozoa when compared to bacteria. In our study, for bison,
total protozoa varied in individual animals from 2.08 X
104/mlwhen they were fed 100% alfalfa to 76.16 X 104/ml
with 50% alfalfa - 50% corn. This compares favorably to
other studies on bison. No unusual species of protozoa
were observed in bison and they were similar to those that
occur in domestic ruminants. Generic distribution of protozoa varied in comparison with hybrids and cattle.
No differences in ruminal pH, volatile fatty acids or
ammonia nitrogen concentrations among the animal groups

were observed when 100% alfalfa was fed. However, ruminal pH was lower for bison than for the hybrids and cattle
when 25 or 50% corn was added to the diet. Ammonia
nitrogen concentrations and volatile fatty acids were higher
for the bison than for the hybrids or cattle when 50% com
was fed.
In summary, our studies indicate that there are differences in the percentages of cellulose degrading bacteria
and protozoa inhabiting the bison rumen compared with
those of cattle. Also when a mixture of 50:50 alfalfa-corn
was fed, ruminal pH, volatile fatty acids, and ammonia nitrogen were different between bison and cattle, supporting different microbiological or animal nutritional responses to this
diet. Growth efficiency data with these animals are currently being analyzed and should assist us in the interpretation of our data and indicate whether fiber was utilized more
efficiently by bison in this study.
Recently the fiber degrading enzymes from F. succinogenes of an Asian water buffalo have been compared to
those of a F. succinogenes strain from domestic cattle. The
three enzyme activities assayed from the buffalo strain were
all greater than those of the cattle strain. This is unique
becauseF. succinogenesis one of the major cellulose and
hemicellulose degrading microorganisms in the bovine
rumen and our results from this study indicate that F.succinogenes was the predominant isolate found in the bison
on the high forage diet.
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strain 86405 (Clostridium longisporum), mixed culture rumen
fluid, and other rumina! celluloytic strains. D, Butyrivibro fibrisolvens; e, Ruminococcus flavefaciens; 0, Bacteriodes succinogenes; _, R. albus; t::.,C. longisporium; A, rumen fluid.

Table 1-Percentage of rumlnal cellulose degrading bacteria from bison, cattle-bison hybrids, and cattle fed diets
containing three levels of alfalfa.
Percent of ruminal cellulolytic bacteria that were:"

R. albus

Butyrivibrio

R. flavefaciens

Unknownb

F. succinogenes

Species

-

100

75:25

50:50

100

75:25

50:50

100

75:25

50:50

100

75:25

50:50

100

75:25

50:50

Bison
Hybrids
Cattle

7
29
13

15
30
48

39
50
57

29
32
43

29
36
10

17
13
6

.8
1.0
2.6

7
9
7

17
5
3

58
36
33

36
12
18

16
26
18

4
2.4
8

12
12
17

11
5
16

-

· 100. 100% sWalfa;75:25 75%alfaffa,25%com; 50:50 - 50% alfalfa,50%com.
b Not identified or culture was lost before n could be characterized.
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